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Abstract 
The role of innovation within businesses has grown enormously over the last decades. Innovation has become an essential 
ingredient for survival and growth especially in the current global economic downturn. Innovative 3D Immersive Virtual Reality 
has the potential to provide a competitive advantage for businesses. Also, it can benefit organisations in effectively communicating 
complex designs to expert and non-expert users both internally and externally.  
nd 
consequently enhancing communication with authority planners (i.e. spatial planning). Despite its potential in improving the 
innovation processes, the adoption of the technology is still lagging behind especially among Small and Medium Enterprises 
(SMEs). This is mainly due to the 
returns. For SMEs, the impacts of these risks are more significant due to their limited resources available. However, the technology 
cost is descending exponentially with time, hence, increasing the affordability within SMEs. Furthermore, the return on investment 
(ROI) of such a technology is more apparent through its application within various industries. This research aims to evaluate the use 
of 3D virtual reality in supporting innovative SMEs in tackling issues related to spatial planning and public acceptance.  
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1. Introduction 
Virtual reality is the scientific field which aims to integrate users with virtual data (Gray, et al., 1993). Ivan 
Sutherland put the basis for the research when he set a challenge of making the screen a window to the virtual world 
which must look, smell , act and feel real (Mujber, et al., 2004). Since then, many studies have been conducted on the 
topic and several technological advances have been achieved. 3D Immersive Virtual Reality (3D IVR) is a technology 
which provides the user a sense of presence and immersion in a virtual environment (Gutierrez, et al., 2008).  Presence 
is achieved through coherently understanding and accepting the virtual simulation while immersion is established 
through having the ability to navigate around and interact with the objects in the virtual scene (Gutierrez, et al., 2008). 
linear process in which managers gather intelligence, set directions, uncover 
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process which can be influenced by the individual perception of the alternatives, previous experience, individual goals 
and several other factors (Rice, 2007).  
A successful decision making process is that which results of the right decision at the right time. Fast decision 
making is not about considering only few alternatives instead it is about considering and comparing all alternatives 
simultaneously. While in slow decision making processes months are spent to develop one alternative then if not 
accepted another alternative is considered. 3D IVR enables users to examine several scenarios and alternatives 
simultaneously and provides high level of presence and interactivity with the proposed alternatives. This is very 
essential for decision makers knowing that 83% of new information is learnt through sight (Carvajal, 2005). 
Consequently, 3D IVR can play a significant role in increasing the speed and effectiveness of the decision making 
process. 
The fast and effective decision making achieved by the implementation of 3D IVR within the process will result in 
a reduction of new product lead time. It also plays a major role as a digital prototyping tool reducing the dependency 
on physical prototyping only. Also the use of digital prototyping introduces flexibility and reduction in the required 
time and financial resources within the new product development process (Guangyu & Li, 2007; Abulrub, et al., 
2011). Short lead time leads to earlier introduction of a product to market and hence achieving more profit and market 
share. 
 
 
Figure 1: UK SMEs contribution to different industries' turnover (BIS, 2011) 
lagging behind especially among Small and Medium Enterprises. They can play significant role in the recovery of the 
global economy from the recent recession and contribute considerably to its growth and prosperity. For instance, in the 
UK SMEs formed 99.9% of all the private enterprises in the UK (BIS, 2011). UK SMEs contribute by 48.4% of 
-over in different industries as shown in figure [1]. 
technology is mainly due to the high investment risks associated with technology such as the investment commitment, 
staff training, Return of Investment (ROI) etc. however, the technology cost is descending exponentially with time, 
hence, increasing the affordability within SMEs. In addition, the ROI of such a technology is more apparent through 
its application within various industries (Abulrub, et al., 2011; Abulrub, et al., 2011; Riva, 2003, Patel, 2002).   
SMEs can benefit significantly from the implementation of 3D IVR especially that its applications are not limited 
 the technology can also help companies in communicating new products 
and designs to external decision makers. The inability to communicate, innovative products plays, a detrimental role in 
decision making process. If the appropriate presentation technologies are not used, the decision making process might 
turbine construction in their environment before, during and after construction; this clearly indicated that impacts of 
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th appropriately communicated to the public which led to a gap in their 
understanding of such impacts (Krohn & Steffen, 1999).  
The wind turbine technology is developing continuously and many new designs are emerging. All this led to an 
increase in the gap between public, customers and planning authoritie perception of the technology in comparison to 
the reality. This understanding gap can be bridged through enabling public to evaluate and experience wind turbine 
technology in their surroundings. This is generally not an economically feasible approach since it requires the 
allocation of substantial amount of time, human and financial resources. However, 3D IVR will allow planning 
authority and public to assess a photo realistic model in a virtual environment which simulates any environment of 
choice quickly and cost effectively. Therefore, 3D IVR holds a great potential in closing the communication gap 
between technology developers and public/planning authorities (Al-Kodmany, 2000; Bryan, et al., 2011). This 
 
 
2. Experiment  and Procedure  
internal and external decision making. In addition, the experiment will measure the effectiveness of 3D IVR as a 
communication tool.  
10 sessions were held, each session had approximately 5-9 participants. At each session, participants were given a 
pre-session questionnaire collecting their background information and measuring their general perception of wind 
energy technologies. Following that, the participants enter the 3D IVR suite in order to explore the selected product 
using 2D system and 3D IVR, respectively. At the end, the participants were given post-session questionnaires 
measuring their perception of the product and also their experience with 3D IVR. Participants exploring the selected 
product in the 3D IVR environment are shown in figure [2]. 
 
 Figure 2: McCamley product presented using 3D IVR at WMG, the University of Warwick 
. 
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3. Selected Product: McCamley Wind Turbines                           
McCamley UK Ltd is a UK SME aiming to capture wind energy in the urban environment with its revolutionary 
approach to a vertical axis wind turbine. Assessment of public perception and acceptance of McCamley turbines is 
therefore quite crucial to its successful commercialisation. 
The design is based upon five rotating blades spinning about a vertical axis, enabling it to accept wind from any 
direction.  Main qualities of the McCamley Wind Turbine (shown in figure [3]) are that it is self-starting so requires 
no energy from the grid to start, starts in low wind speeds (1.8 meters/second) and is self-feathering, so continues to 
operate in gusting and storm force winds when many conventional wind turbines must be shut down.  The company 
claims that this high torque low blade tip speed wind generator is designed to give maximum power output coupled 
with minimum noise and vibration which makes it suitable to be placed on or near to tall buildings in urban 
environments. The company also claims that the design is bird friendly.  
ut the challenges in the current 
market environment. It was revealed that the company is facing a challenge in communicating its designs to the public 
and planning authorities who generally have a fixed mindset that all wind turbines are noisy machines with big blades 
.  
Figure 3: McCamley wind turbine on a top of high building 
 
 
 
4.   
The main types of 3D visualisation technologies are active and passive. The system used at WMG in the University 
of Warwick is designed as a passive technology; a schematic diagram of the 3D virtual environment system, including 
key components, is shown in figure [4]. The visualisation technology used is an ultra-high resolution, rear-projection, 
solution at the Visualisation and Metrology Centre of Excellence at WMG. The 3D visualisation suite within the 
centre is designed as a photo-realistic visualisation environment using advanced JVC 4K 10Megapixel projectors to 
n virtual reality wall. The projectors are custom-fitted with InfoTech 
(dichromatic) filters to provide crystal sharp immersive 3D visualisation on a 5m-wide fabric rear projection screen. 
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When running in fully immersive 3D mode, the system has an integrated camera-based infrared real-time tracking 
system for natural head and hand interaction and navigation of the virtual datasets and environments. The visualisation 
PC cluster controlling the imagery via two NVidia Quadroplex GFX units is specifically configured to drive graphic 
channels of very high resolution imagery. 
 
 
 
 
 
 
 
 
 
 
Figure 4: Schematic diagram of the University of Warwick's 3D visualisation system  
 
5. Experiment Results  
70 participants were involved in the experiment. The participants were selected using the stratified random 
sampling. Stratified random sampling divides participants into sub groups. Then participants are randomly assigned 
for each group. The participants varied based on their gender, age group and educational background. 50% of the 
participants were females (35 participants) and 50% males. In addition, participants above the age of 28 formed 
approximately 21.4% (15 participants) of the sample and participants from scientific background formed 64.3%.  
A confidence level of 95% was set. A confidence interval of approximately 12% was achieved with the 
participation of 70 individual. Participants were asked to evaluate their agreement with statements using five-point 
Likert scale. The results of the particip
summarised in table1. 
marginal homogenously test, shown in table 2, illustrate a statistical significant change (p=0.00<0.001, p is the 
The low probability of the results occurring by chance provides evidence that the McCamley turbine have caused 
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 Table 1: eption of wind technology before and after experiencing the product in 3D IVR 
 
Statement (pre-session) Agree Neither Agree or Disagree Disagree 
Wind is a clean source of 
 92.9% 4.3% 2.8% 
I support wind energy 80% 12.9% 7.1% 
wind turbines have a 
pleasant appearance in the 
surroundings 
47.1% 35.7 % 17.1% 
wind turbines are bird 
friendly 22.8% 32.9% 44.3% 
Statement (post-session) Agree Neither Agree or Disagree Disagree 
a pleasant appearance in 
the surroundings 
55.7 % 22.9% 21.4 % 
bird friendly 62.8% 28.6% 8.6% 
 
 
Table 2  
 
Wind Turbines have a 
pleasant appearance in the 
surroundings 
a pleasant appearance in the 
surroundings 
Statistical Significance of 
perception 
Percentage of 
participants in 
agreement  
47.1% 55.7 % 
0.92>0.001 
 Not Statistically 
significant 
 
Wind Turbines are bird 
friendly 
McCamley turbine is bird 
friendly 
Statistical Significance of 
perception 
Percentage of 
participants in 
agreement  
22.8% 62.5% 
0.000<0.001  
Statistically significant  
 
The participants were also asked to rate the contribution of 3D IVR technology and 2D technology to their 
understanding of the product. Since the data are ordinal and non-parametric, comparisons and ranking of the 
-parametric equivalent to within-subjects ANOVA. 
There was n overall statistical significance in the difference between perceived contribution of the factors, 
117.352, P = 0.000. Post-hoc analysis using Marginal homogeneity tests with a Bonferroni correction resulted in a 
significance level set at P < 0.025. The mean rank of the perceived contribution of the 3D IVR and 2D were 3.56 and 
1.99 respectively. There was a statistically significant reduction in perceived contribution only between 3D IVR and 
2D as illustrated in table 3. 
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Table 3  
Level of contribution to understanding 2D 3D IVR     
High 38.6% 97.1 % 
Neither High or Low 35.7 % 1.4 % 
Low 25.8 % 1.4 %  
 
6. Analysis and Discussion  
The majority of participants were supportive of wind technology as a renewable source of energy. On the other 
hand t
highlight that there is a general dispute of opinions among public in regard to this topic. In addition, 47.1% of the 
participants perceived wind turbines to have a pleasant appearance in the surrounding compared to only 17.1% with 
general. The technology which once was perceived as a visual disturbance is now perceived to have a pleasant 
appearance in the environment by majority of the public. 
  
, 
see figure [5], and that it is adequate for installation over roofs of commercial or buildings in their environment. This 
 
 
 
Figure 5: Participants' perception of McCamley's wind turbine appearance 
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De
es that the product objective of being a bird friendly wind turbine was strongly delivered 
to the participants and resulted in a significant statistical change of their perception. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Participants' perceptio  
 
Apart from this, the majority of participants (97.1%) confidently rated 3D IVR technology as a significant 
contributor towards their understanding of the presented product. On the other hand there were far less participants 
is statistically 
significant for the advantage of 3D IVR technology. This indicates the superiority of 3D IVR over 2D as a 
communication tool. 
As an SME, McCamley management reported positive impact on implementing innovative 3D IVR within its 
internal and external decision making process for the first time. Internally, the company enriched its awareness of the 
technology importance in supporting engineering and management decisions, promotional events and investor 
discussions. In addition, dynamic simulation in 3D IVR environment provides public and authority with enhanced 
understanding of the product. For instance, blade movements within the static outer part that is unlike traditional 
turbines. This enabled public support on one of the key product features of being bird friendly. The commercial 
significance of branding and colouring becomes a clear management decision because it can widen public acceptance 
in terms of turbine appearance and shorten the payback period for investors. The company approves the technology 
value in integrating 3D immersive virtual reality within various management processes.  
 
7. Conclusions 
Despite the high potential of using 3D IVR in supporting SMEs to become more innovative and successful, SMEs 
restrain from implementing the technology due to the high risks associated with it. Although these risks are becoming 
more manageable as the technology's implementation costs are decreasing and the use of the technology is recognized 
in varies industries but there is still a lack of a comprehensive evaluation of the use of the technology and its ROI for 
SMEs. This research explored the use of 3D IVR in supporting innovative SMEs in industries where external decision 
makers play a critical role in product's success (such as the renewable energy sector). 
The findings of this research suggest that the gap in communication between businesses and external decision 
makers (such as public, authority and customers) can be significantly reduced through the implementation of 3D IVR 
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in the communication process. The results also suggest that 3D IVR plays major role in unifying the level of 
understanding among expert and non-expert participants. They also indicated that 3D IVR supported SMEs in various 
aspects of their internal and external decision maki
communication tool.  
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